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GENEBAL TUNMEL eESCB IPTIOB 


The a I ft foot Supersonic hind Tunnel in capable of 
attaining test section floe la the Bach nun bet caaqe icon 

0. 16 to 2.0. The chenqe in Bach nnnber is continuous up to 

1. J and in inccenents of 0.1 between 1.3 and 2.0. The 
tunnel nay be operated in either of two nodes; aerodynamic 
cycle or propulsion cycle. 


lecodynasic cycle 


burin? the aerodyneaic cycle the tunnel is operated as 
a closed systes with dry air added only as required to 
eaiiitain the desired tunnel conditions. Tnis cycle is used 
primarily for aerodynasic flow studies where contasinants 
are not introduced into the airstreaa. figure 1 < a ) 
illustrates the air flow path for the aerodynanic cycle. 


Propulsion Cycle 


During the propulsion cycle the tunnel is operated as 
an open systes with the air continuously drawn throuqh tne 
air drywr and exhausted to the atsosphsre. Tnis cycle is 
used for eodels which introduce contaminants into the 
airstreas. figure 1(b) illustrates the air flow path tor 
the propulsion cycle. 


Tunnel Coaponents 


Major coaponents of the Lewis d X 6 Supersonic wind 
Tunnel are illustrated in figure 2* These coaponents are; 

Ai cdri f t *- The air dryer reeowes eoisture frua 
atsospheric air prior to its introduction into the tunnel. 
It contains l.lbilO® kg (1250 tons) of activated alumna in 
eight beds each 0.61 a (2 f t) thick. The dryer is dwsiqned 
to pass 993 kg/sec (2200 lb/sec) ot air entering at 21° C 
(70° f) with a dewpoint of lb® c (5B® F) and leaving with a 
dewpoint of -29° c (-20® F) for a 2 hour period. 
Reactivation of the activated alusina requires b hours 
heatinq and b houts cooling. Figure 3 shows the total 
adsorption capacity of the dryer versus the temperature of 
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the « taring ait. 


coe pres sor The tunnel air is driven by a 7 stags 

azial-ilov coapressor, catsd at a soluss of IjOO a 

(S6 600 ft*) of air par sscoad at a pressure ratio of i.i« 

It is driven by tin* sound-rotor induction ootora having a 
total pover capacity of 65 000 kv (#7 000 hp) • 

llealble-eall nouals .- The f let ible- vail noaiis 
prodacss super sonlcflov through the tost sectiouj it 
conaiata of tvo flexible aids vails of stainless steal 
i.aa a (a ft) high, 10.62 a (35 ft 6 is.) long, and 2.5u ca 
<1.00 in.) thick vhich era actuated by hydraulically 
operated acrevyscks. fas top and bottoa plates arc fised. 

t aat sect ion.- The teat section is 2.44 a (0 ft) high, 
l.oJ i(6ft) vide and 7.16 a (23 ft 6 in.) long. It is 
•ade of 2.64 ca (1.00 in.) thick stainless steel plates. 

mcouat lc su f tier .- The acoustic auffler is used to 

quiet thediacharge air of the tunnel vben it is operated on 
wither the aerodynaeic or the propulsion cycle. 

pooler.- The cooler is a finned-tube vater type heat 
exchange Jr used to cool the air entering the air dryer 
during aerodynaeic cycle operation. It is designed to cool 
the air to 2*° C (65° t) by reaovmg the heat of 
coapresaion. 


TUNNEL AIBObtNAHIC PBRfOBHANCB 


Operating characteristics of the tunnel for both the 
aerodynaaic and propulsion cycles are qiven in figure « 
vhich shove the test section total teapecature, total 
pressure, static pressure, dynaaic pressure, altitude, 
Reynolds nuaber, and nass flov versus the test section Hach 
nuaber over the tunnel operating range. The discontinuity 
betveen Hach 0.50 and 0.55 is caused by varying compressor 
speeds to avoid over pressurization of the balance cnaaber 
surrounding the test section. 


for 

transien 

tunnel 


Hach nuabers beov 0.36 it is possible to take 
t data. Ilovever, because of the rapidly changing 
condition, a fast responding data systea is 


required. 
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TEST SECTION DESCRIPTION 


The t«it section plan and ilivatioa vim are shown in 
figures 5 and 6. The tact sac t ion is 2. 44 ■ (o ft) high and 
1.83 ■ (6 ft) wida with parallal aids walls for a total 
Uaqth of 7.16 a (23 ft 6 in.). For 0.69 a (2 ft 3 in.), 
downstraaa of the test section, the sida wails diverge to 
1.93 a (6 ft a ia.) to coapanaata for the blockage of the 
transonic strut. Tka top and bottoa platas ara parallal to 
sack other. Tka walls aad top and bottoa platas ara aada of 
2.56 ca (1.00 in.) thick staialass steel. 

Tka test sactioa is parforated on four sides. 
Perforations start 2.77 a (9 ft 1 in.) froa the upstrean and 
of tka test saction and eitond 4.39 a (14 ft i in.) 
downstraaa. These perforations provide approxiaately 6 
percent porosity, however, this can be reduced and varied 
along the length of the test section by selective use of 
inserts in the 2.54 ca (1.0 in.) diaaeter perforations. 

Models ara installed through an access door in the 
bottoa of tka tunnel diffuser downstream of tne test 
saction. The opening is 4.86 a (16 ft) long and 1.83 a 
(6 ft) wide. Two 1800 kg (2 ton) overnead cranes are 
provided in the ceiling of the diffuser section. Models, on 
spec dollies, are lifted into the diffuser section and 
rolled to the test section for installation. 

The top and bottoa plates of the test section are 
reaovable for installation of snail aodel supports and 
auxiliary apparatus. The opening nay vary up to 3.04o a 
(10 ft) long by 30.4d ca (12 in.) vide depending upon the 
selection of insert plates and location in the test section. 
The tunnel insert plates cannot be altered, therefore, new 
inserts are required it aodif ications are necessary, nodel 
aountinqs, described under the section on MODEL SUPPORTS, 
are installed through these openings. 

Two pairs of schlieren windows are located in the side 
walls. These 0.673 a (26.5 iu.) diaaeter windows are 
Located 0. 203 a (t> in.) eccentric in steel disks. The 
centers of the disks are on the tunnel centerline. Rotatinq 
the disk enables the window to cover any portion of a i.Oo a 
(42.5 in.) diaaeter circle about the disk center. 

A personnel access door 0.71 x 2. 13 a (28 in. x 7 ft) 
is located at the downstraaa end of the test section. 


PODfcl SUPPORTS 


i 

ceiling strut iusuably | 


\ 


f 
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* celling strut asteably with « typical aodel installed 
is shown in figure 7. This sssesbly consists of the strut 
propsr to which the scdel is attached, and the anchoring 
structure and angie-of-attack sechaniss which are outside 
the test sectioo. 


Strut thickness say wary up to 7.62 ce 
chord length up to 1.SC a <5 ft 11 in.), 
length is detersined by the angle-ot -attack 


(3 in.) , and the 
The aaxiaua chord 
reguiresent. 


Angle of attack ct the aodel is controlled by a 
" hlch rotates the strut around a 5.0o ca 
>* in. I Jiaaeter pin located 10. 16 ca (4 in.) above the 
inside surface of the tunnel top plate. The angle-of-a ttack 
range is between -5® and ♦lb®. 


The canter of rotatxon of the strut nay be positioned 
along the top of the test section xn 11.43 ca (4-1/2 in. I 
increaents between 1.20 i (J ft 11. J in.) and 2-34 a 
(7 .to. 3 in.) froa the downstreaa end of the test section. 
This is without special insert plates. 


Allowable strut loads are indicated in figure 1/. 


Transonic Strut 



for transcnic operation, sting-aounted aodels are 
aounted to the strut shown in fiqure o. This strut is 
extended through the tunnel tloor when supporting a aodel 
and when not in use is retracted below the tunnel floor. The 

a w1 t ? rl f n f is dt a tUed location 1.JJ a 
(4 rt 4-1/2 in.) downstream of the test section. 


The strut can be rotated in the vertical plane about a 
pin located 0.42 a (1 ft 4-1/2 in.) below the test section 
floor. The angle of attack can be reaotely varied froa 0° 
to ♦ 15®. The aaxiaua ndius of rotation is 1.94 ■ 
(6 ft 4- 1/2 in.), and the aininua radius is deteraine-d by 
interference of the sttit socket with the tunnel floor. 


all 

panel 


A terainal panel is located in the top of the strut for 
electical and pressure connections froa the aodel. This 
is accessible by reaoving the fairings froa the sting 


A 
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socket 


Details of the stmq end that aates with the strut are 
shown in figure 0. Allowable sting loads are also indicated 
in this figure. 


8-1/2" Jet Exit strut 


The 1*1/2* Jet Exit Strut is a ceiling nountel unit 
designed for testing exhaust nozzles requiring high pressure 
air flow. The strut ccntaius ducts for a primary air tlow of 
31. u kg/sec <70 lb/sec) at 6.9x10* M/a* (1000 psi) ana a 
secondary air tlcw of C.9 kg/sec (2 lb/sec) at 6.9x10* u/m* 
(10C psi) . 

Tnis strut has a thrust eeasurinq systea with a 
capacity of *2 200 N (5C00 lb) aud an alternate thrust/drag 
aeasuring systea with a capacity of 8900 M (2000 lb). Tne 
strut has no anqle-of-attack capability. 

Figure 9 shows the strut assenbly with a typical nozzle 
model attached. Allowable strut loads are also indicated in 
this figure. 


Wail Mounting 


Models too large ot unusual in shape to be mounted on 
a sting or strut nay be rounted to a wall of the test 
section. An exaaple is shown in figure 10 of a model 
attached to the tunnel wall by U3e of the perforations. 


AUXILIARY SYSTEMS 


Air Systems 


H igh pr essure aip.- A storage facility is available 
with a capacity of 4110 a* (145 000 ft*) of standard dry air 
at 1.83x10' N/m* (2650 psi) for use in the 8x6 Wind 
Tunnel. addition, two other air storage facilities are 

intcrconnec J with the 8x6 Wind Tunnel. These are 6120 a* 
(216 000 ft- for the 10x10 Wind Tunnel and 17 600 a* 

(620 000 ft*) for the 9c15 Test Section. The three 
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Wd 1 *000 fe a t0tal Ca P acit * of 27 <*00 |I 
J!!’ ? 00 ft *> of standard dry air for use at the d*6 wind 

1500 ch * r 9«<* by a single 0.24 s*/sec 

! 76.io/l/ii alt puap * Xotal cursing tise fro. 

Inni* 1 ? r 7 ?* < 400 P»i) to 1.8 J* 10* S/a* (2650 psi) is 

approKisatsiy 28 hours* A heater for this high pressure 

93**0*1200® r\ 9 lt l * r\ r * i J i ? 9 of l1 * tesperature of tha air 
93 c (200® F) at a flo. of 0.91 kg/ssc (2 lb/sac). 

. . * h variable pressure systes is 

il ii e l k«? P t0 " /B * (<t5 ° pai >* Th * capacity 

is 15.9 kg/sec (35 ib/sec) at 3. 10s 10® h/s* (450 psi). a 

JiJ ^ ia capabi * of heating the 

Air to 27t§ C (533° f) At a flov of 11# 3 ka/jiAc t 2 $ 

“ to J7,o c ,700. r, , t . flo , of 6.0 M^.r'is'lb/iSc” ’ 

„ |t£2i£t_lis.- I ha se rvice air available is 

Md^lb/a Jf** <125 psi > air * ,,ith * capacity of 0.2 kg/sac 
(16 lb/sac) i&xiim continuous Sirvict e 


Hydraulic Systes 


* hydraulic systes is available for 
positioning of a nodal and/or its cosponents. 

* s ca P«bl« of a flow of 6.31x10”* s’/sec 
2. 07* 10 7 H/s* (3000 psi). 


actuation or 
This systes 
(10 SP.1) at 


Fuel Systes 


Tha liquid fuel systes 
0.37 s * (97 qal) and a aaxisus 
2. dux 1 Q~* a* /sec (4.5 GPH) at 
saxisus pressure available is 
floe of 3.16x10“* m’/sec (0.5 UPM) 


nas a storage capacity of 
flow to the test section of 
3.44x10* N/a* (50 psi). The 
0.95x10* N/a* (130 psi) at a 


Photographic Systes 


Photographic and 
events say be obtained 


television coverage of test section 
fros several locations. 


for side vail coverage, window assesblies (figu-c 11) 
are installed in the perforated section of tne tunnel. These 
special windows are used in addition to the schlieren 
windows for caserns and lights. The window assesblies ace 
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available only toe the side wall containing the personnel 
access door. 


t 

x 


i 


t 


[■ 

p 


i 



Figure 12 shows a caaera and lighting arrangement used 
in the test section floor* the window assembly replaces a 
floor hatch at the downstream end of the test section. A 
similar arrangement can be made in the ceiling of the test 
section* 

A model may also be photographed from a location 
downstream of the test section* Figure 13 shows a typical 
camera and light installation for this type of coverage. 

High speed cameras (100 to 4000 frames per second) d re 
available for use at the above locations* decause of the 
loss of perforated wall area* window assemblies may aaversly 
affect aerodynamic data. 


INbf Rna£M?ATXCM AND SUPPORTING iQUIPHLNT 


Force Measurement Systems 


S lin g_s $ xu t * - To measure forces on models mounted on 
the sting strut there are three different size balance 
assemblies available. These are three~coaponent bearing 
type strain gaqc balances incorporating Baldwin SR-** strain 
gages mounted cn cantilever beams. The three components 
measured are axial force, front normal force, aud rear 
normal force. The balances contain interchangable strain 
gage links, resulting in a wide selection of capacities 
available. Figures 14, 15, ana 16 show the 6.35> cm 
(2”1/2 in.), 10.16 cm (4 in.) and 12.70 cm (5 in.) liaoeter 
balance systems respectively. 

The strain gage links can sustain momentary overloads 
up to 200 percent of rated capacity without damage to the 
strain gaqes. Structurally these links can take 500 percent 
of rated capacity before failure. 

If it becomes necessary to reduce displacements or 
increase pitching moment capacity for a particular system 
two balances may be used in a model. However, such a system 
would have to be designed for the particular model with 
redundant force links made inoperative. 
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following 
and alternate 
Research Center 


is a list of sting-aounted balance systees 
force eeasuresent links awailable at Lewis 


Maxims Loads 


Balance 

2- 1/2" 

4" 

5" 

Lift lb 

900 

2500 

6000 

Drag lb 

J50 

1600 

4000 

Pitching Hosent in-lb 

72 00 

30000 

90000 

Lateral force lb 

3600 

6000 

1 uooo 

Rolling Hoaent in-lb 

3420 

5000 

2 jOOO 

Yawing Moment in-lb 

11700 

30000 

doOOO 



Interchangable Links 



Balance 

2-1/2 •• 

4 M 

5" 

Lift Links lb 

100 

100 

250 


200 

2 00 

500 


JC0 

400 

1000 


500 

oOO 

2000 


700 

1000 

3000 


900 

1600 

4500 



2500 

6000 

Orag Links lb 

25 

100 

100 


50 

200 

250 


100 

300 

500 


150 

500 

750 


250 

300 

1000 


J50 

1200 

1500 



1600 

2250 


2000 

4000 
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tsilia a st rut. - Tc measure forces on ceiling strut 
models a special balance is required. This balance should 
be part of the suspension system within the strut. Force 
measurements may be made by load cells or strain gages 
mounted on cantilever beans and must be designed for each 
strut and model installation. 


Calibratio n.* Equipment is available to check out and 
calibrate tb-i balances. It is possible to apply a 
combination of loads to the balance. Loads are applied by 
sanually driven screw jacks and a strain gage link or load 
cell is used to measure the load applied. Equipment is also 
available for checking and calibrating strain gago links 
against dead weights. When possible, the complete assembled 
model is calibrated both in tne shop and in the tunnel. A 
jacket, provided by Lewis Research Center, is installed 
around the balance to maintain a constant temperature 
during the tunnel run eliminatinvj changes in calibration 
and zero shift due to temperature variations. 


Angle-of-Attack Indicator 


A model angle-of -attack indicator system is available 
to ascertain the true model attitude. Ibis makes it 
Dossibl*; to correct for sting and strain gage balance 
deflections. The system consists of an anqle-of-a t tack 
transmitter, shewn in figure 17, installed in the model, and 
a receiver located in the control room. The overall 
accuracy of the system is within 0.1°. The angle-ot-attack 
range is between -45° and ♦45°. The wirinq provided, in the 
model, for the transmitter should be four conductor shielded 
high temperature wire of size No. la or No. 2 2. Installation 
and calibration of this angle-of-attack indicator will be 
performed at Lewis Research Center oy wind tunnel 
personnel. 

A mock-up unit is available tor fit checks and shop 
assembly of the model. 


Thermocouples 


Alloy wiring is connected from jacks on the upper and 
lower strut terminal panels to thermocouple junction 
reference units near the control room. The temperature of 
the wire junctions within these units is held to 
101.1° e t0.l4° C (150° F t0.^5° f). Copper cables are run 
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from these units to patchboards in the tunnel control rooa. 
A maximum of twenty-seven theraocouples of each type aay be 
patched to each of three control rooa selector quitches and 
read on digital teaperature indicators. In addition, all 
theraocouples aay be patched to inputs on the CADDk II data 
recording systea (described in the section on DATA 
ACQUISITION AND PROCESSING). 


Schlieren Systea 


The tunnel is equipped with a schlieren systea which 
aay be located at either an upstreaa or downstreaa 
position. The systea is capable of viewing the flow throuqh 
all possible locations of the 0.673 a (26. S in.) diaaeter 
windows whose centers aay be positioned about a 0.40o a 
(16 in.) diaaeter. figure 18 shows the plan view of the 
systea . 

Schlieren iaages are viewed using a reacte optical 
systea and phctoqraphs of the iaages are taken by an 
aircraft caaeca Type K 22. A total of 100 photographs 
22.6 x 22.9 ca (9x9 in.) aay be taken without reloading 
the caaeca. In addition, a Fasten 16 ■■ high speed notion 
picture caaera is capable of taking 100 to 4000 frames per 
second pictures of any image shown through the reaote 
optical systea. 


DATA ACQUISITION AND PROCESSING 


A wide range of data acquisition and processing 
equipment is available as follows: 


Central Facility Data Recording 


C.AP DE II.- CADDr. II (Central Automatic Digital Data 
Encoder) data recording systea is a low speed voltage 
scanner and digitizer designed to convert steady state 
direct current signals to digital numbers at a rate of 
twenty five saaples per second. The raw data is recorded on 
digital magnetic tape, which becoaes the permanent data 
record. Optionally, the raw data can be sent to the central 
computing facility for further processing. A schematic 
diagraa of the data systea is shown in figure 19.. 


lip to 200 channels are available on the CADDE II system 
with an accuracy ot tO.OS percent o£ lull scale. Full scale 
voltages, under programmed control, are as follows; tlOmv, 
±2Qbv, ±50bv, ilOOmv, *200mv, tIOv, tIOOv. These 200 or 
fewer channels can be scanned in one of four ways: 

1. Single scan: Each channel is sampled once, after 
which the scan is terminated. This is the nethod 
most frequently used. 

2. Continuous scan: Each channel is sampled cnce; the 

system then autcmaticly starts over and continues 
this process until a -anual stop command is 

entered. 

j. discontinuous scan: Same as continuous scan, except 
that the scantling can be halted tor an inletinite 
period and then resumed under manual control. 

4. Intervalometer: Causes one scan of all channels and 
then halts ter a pre-det.er mined time (up to one 
hour) after which a new scan is mitiatei. The 

sequence is terminated by a manual stop commind. 

The raw data may be typed back to the facility control 
room for immediate inspection by the project personnel. 

.'iul tiple pre s su re .sc ann ing sys tem.- doriel pressures are 
sampled by means of scanivalves. The icanrvalve unit 
contains a solenoid-actuated rotating pressure passage wnich 
sequentially connects 4b pressure lines to a single 
transducer. The lAubc. system is used to step the Scanivalves 
and record the transducer signals. Up to eiqht ot these 
Scanivalves are available for a test program. Of the 
available 4b ports per scanivalve, 5 are used for dynamic 
calibration signals and ara thus unavailable ter model 
instrument it ion . Full scale pressure ranges available are; 
1.0J N/m* (IS psia) , 1.72 N/m* (2S psia) , d. 44 N/m* 

(SO psia), and b. 90 N/m* (100 psia). An accuracy of ±0.15 
percent of full scale is maintained duo to the dynamic 
calibration mechanise. 

Since tnis pressure measuring system uses the „ADL>i. II 
system, the total number ot pressure signals is suntracted 
from the total channels available (500) to obtain the number 
of other siqnals that can be recorded. 

Ce pt l^a ha ^gg ^ record ing_sy stem The Central Analog 

System records data on magnetic tape in IR1G standard 
format. Data is teccrded on 12 tracks and real time in 
IfilG b format is recorded on one track. each ot the 12 
tracks can be used as for single wide band channel ( 1 0K Hz) 
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oc foe 5 .ulti|.l«ud, constant baod.idtb <»K im 
all 12 channels ace nultiplexed, a total ot t>o 


inputs. It 
inputs ace 


available. Fuli scala input .oltaqes ace *'<>■». { fjj 

«rSa.-s 

remote at the facility. 

For Playback, up to 55 aultipleaed (oc 12 

non-aultiplexed) channels can be displayed on strap chart 
recorders or li9ht bea. oscillojrapks. 

based on record tiae is available, A ii available 

analog siqnal processing equipment is also available 

depending on the type of analyses desired. 


Local Analog Recording Systea 


A 14 channel tape recorder is located in 
control rooe. One of the channels is used for 
clock and one for tape speed control, 
available for data. These channels Bay use any 
of direct Record (300 Hz to 600K Hz 

(120 in. /sec) ] or Ft (DC to 40K Hz 

uo in. /sec)] inputs. The input voltage is 
in Direct Record or il.O volt to ±25 volts 
speeds are 2.3d ca/sec (15/16 in. /sec) 

(120 in. /sec). A variety of . 

■onitoring electronics is also available in 

rooa. 

Tape playback is accoaplished either locally in 
control^rooB, or off-line at the central data facility. 


at 
at 
0 . 1 
on 
to 


the facility 
IK1G U tine 
12 channels 
coabinat ion 
305 ca/sec 
J05 ca/sec 
to 10 volts 
in. Ta pe 
J05 ca/sec 
tioning and 
the control 


the 


Data Processing 


The data recorded froa 
variety of high speed digital 
the L«v Is central ccaputer 
prograas are usually coded 
BASIC, PL-1, APL, and asseah led 
special cases. 


a facility is reduced by a 
and analog systeas located at 
facility. Digital coaputer 
in FORTRAN IV level a, but 
coding is also used for 


s::: a “M. 

«i P tio C IBn C iidil J60/6r"iiS'ln9 P *trtin r iupI« 1> ofutitl<.Q. 
SI U«c, hirtwn- ,lw. ««» CO ” 


size of fouc billion bytes (8 bits equal 1 byte) # thus 
offering an alscst unlimited capacity for data analysis. Raw 
data is stored on hiqh speed disc storage units for use by 
the analysis prograss. A flexible data analysis and control 
package is used to process the raw data# apply the 
calibrations# and present engineering units to the analysis 
progras. This analysis prograa contains all the 
calculations desired for a given test progras. 


The results of this analysis are processed by the 
output section cf the systea for display in the facility 
control rooa, either on electric typewriters or on a variety 
of high speed graphic displays. Both listed nuneric and 
graphic data can be presented. This data display is under 
control of the project engineer while the test is running. 
This allows cosputed data to be available for decision 
Baking concerning the next or future data points to be 
taken. 


batc h pro cessing.- The bulk of data is 
processed after the tunnel run is coapleted. Typically, tne 
sane progras as used for the on-line data is used in a 
batch soda on the tise-sharing systea. Data is then printed 
on hiqh speed printers or processed on off-line sicrotila. 
The aicrofila will accosaodate both listed nuneric data and 
graphic output. 


In addition to the tiae-sharing systea, data can te 
analyzed on an IBM 7C90 direct couple systea or on a 
UNIVAC 1106 systea. 


aiiliift£-4fiil2a_El2£SS5ifla- * Off-line processing of 
analoq data is handled ty a variety of interconnected signal 
processing systeas. In addition to strip chart and 

liqht-beaa oscillograph recording# a Federal Scientific 
U*-6A spectrua analyzer is available, as well as 
plotters# oscillographs and an analog coaputer. It digital 
processing is desired# data aay be read froa the analog 
tapes and digitized by the use of an SEL dlOA coaputer with 
a 48 channel NUX and A/D converter. The output is a 9 track 
digital tape in the Lewis GIF foraat. This tape can be read 
on other Lexis digital coaputers for additional 

processing. 


MOCfiL IN FORMATION 


Model Size 


Figure 20 shows the approxiaate aaxiaua projected 
frontal area (acdel plus support strut) for tunnel starting. 
Since the liaiting model size is influenced by such factors 
as aodel shape anil shock boundar y-layer interaction, each 
aodcrl proposal aust be evaluated independently. For more 
information see references 1, 2, 3, and 4. 


Model Design Criteria 


Tunnel test aodels should be designed for the following 
applicable load conditions; 

StQAiLy rst a t e _ Ipads . - The allowable stresses for the 
aaxiaua loading conditions should not exceod 1/5 of the 
ultiaate stress or 1/3 of the yield stress, whichever is 
least. In addition, for aeabers loaded as coluans, the 
tuler critical load should be at least three tiaes the 
applied load. 


SUE 2 tsoQ.lc_sia£ting_loads. - for starting loads, the 
design should be based cn a 10° air flow direction added to 
the anqie of attack of the aodel at tunnel starting. The 
dynamic pressure used should be aaxiaua tunnel dynaaic 
pressure as given by figure 4d. When using this criteria 
the allowable stresses should not exceed 1/2 of the yield 
stress. This technique for considering starting loads is 
qiven as a general guide. Therefore; aodels, unusual in 
site, shape, or operation, nay require special analyses. 

Ail auxiliary parte of the aodel exposed to the air 
streaa and noainaliy at zero anqie of attack should be 
evaluated at 10° angle cf attack. 


Subgonjc - Fct su 
be based on a 5° air flow 
angle of attack of the aodel 
dynaaic pressure used should 
the subsonic flow as given 
stresses should not exceed 1 


bsomc loads, tne design should 
direction added to the aaxiaua 
during tunnel operation. The 
be the aaxiaua anticipated for 
in figure 4d. The allowable 
/2 of the yield stress. 


14 


Pressure Instrumentation 


The recommended pressure tubing size is 1.59 mm 
(1/16 in.) outside diameter and 0.30 mm (0.012 in.) wall 
thickness. Static pressure orifices should be flush with 
and perpendicular to model surfaces. 

For sting-mounted models the tubing should extend at 
least 0.91 n (3 ft) downstream of the sting socket on the 
strut. For models mounted on a ceiling strut the tubing 
should extend at least 3.05 a (10 ft) above the top of the 
ceilinq strut. 

hakes used to determine pressure recovery and pressure 
distribution should be designed to avoid resonance with 
model operating mechanisms. Any brazing required on rakes 
should be the dlver-braze type. Rake tubes should be 
spaced to measure equal areas facilitating pressure 
integration. A filler plate should be provided to replace 
each removable rake. 


Thermocouple Hiring 


All model thermocouples should be made with 
high-temperature glass-insulated thermocouple wire of as 
heavy a gage as practical. Leads extending from the model 
should be long enough to reach the appropriate strut 
terminal panel and should terminate in the Thermo Electric 
Co. Type 2PSS plugs. 

The following table lists the type and number of 
thermocouple circuits available. 


Quan. 

Hire Type (ISA) 


Ud 

I rcn/constantan 

Type J 

24 

Chrcmel/alumel 

Type K 

4d 

Copper /const an tan 

Type T 

24 

Platinum, 13* Rhodium/Platinum 

Type R 
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Actuatois and Position Indicators 


To accoaplish renote positioning of wind tunnel nodal 
components, screwjacks and hydraulic cylinders are coaaonly 
used, electrically driven screwjacks should be provided 
with liait switches tc protect the aodel and aechanisa iron 
daaage due to owertravel. Hydraulic cylinders should be 
sized so their travel cannot exceed safe Units and they 
should be of the cushioned type if they are to aove 
rapidly. The hydraulic systea available is rated at 
1.26x10-3 a’/sec (20 GPH) at 2.07x10* N/n* (3000 psi| . 

Reiotd position indication is often provided by a 
linear or rotational poten tioaeter. Each potentioaeter 
should have a total resistance of 1000 ohas and be linear 
within 0.1 percent. 


Electrical Cables 


Electrical cables troa the aodel are terainated in 
connectors which aate with an existing cable systea 
extending between the tunnel test soction area and the 
control roca. The types of cables available ares 

- Typ« "A" cables are used for heavy power 
circuits (greater than 2 aaperes at 28 volts or 5 aaperes at 
120 volts). Several cf these circuits nay be grouped in a 
single cable. Type "C" cables are used for saall aotors, 
liait switches, selsyns, and so forth. Several of these 
circuits nay also be grouped in a sinqle cable. 

Type "E" cables are used for 3 train 
gaqt type transducers, potentioaeters, servovalves and other 
circuits requiring shielded wires. Type "K" cables ace 
coaxial type and are used for piezoelectric transducers. 

Each device should use an individual cable. 
Lifterential transtoraers should use separate cables for 
power and siqnal. The shield of each cable is fastened to 
the connector cable claap. 


The inf oriaticn necessary to supply eodel cables with 
connectors is given in the following tables* 


j 

I 


Sting Strut lersinal Panel 


TyF* 

Quan. 

Cable 

Cable Terminal 
Connector 

Required Mating 
Connector 

A 

6 

6 conductot 
No. 9 AUG 

US 3100A-24-10S 

MS 3106A-24-1OP 

w 

10 

12 conductot 
NC. 16 AUG 

NS J100A-24-19S 

MS 3106A-24-19P 

B 

4d 

b conductot 
No. 20 AUG 
shielded 

NS J100A-14S-6S 

MS 3106A-14S-6P 

K 

12 

KG 6 2/U 
coax ia 1 

fcNC sale 

dNC feaale 


Ceiling Strut Terminal Panel 


Type 

yuan. 

Cable 

Cable Terainal 
connector 

Required Mating 
Connector 

A 

3 

6 conductot 
No. 9 AUG 

NS J100A-24-10S 

MS 3106A-24-10P 

C 

5 

12 ccnductct 
No. 16 AUG 

MS J100A-24-19S 

MS J10bA-24-19P 

B 

64 

6 conductot 
NC. 20 AUG 
s h ielded 

MS J100A-14S-6S 

NS 3106A-14S-6P 
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{ACUITIES AVAILABLE TO USEHS 


Model Stand 


A sting-mounted model stand is available for assembly 
and check-out of a model prior to tunnel installation. When 
mounted on the stand, the stinq centerline is 1.22 a (u ft) 
above the floor. 


Machine Tools and Lifts 


The balance chamber contains an overhead 2700 kg 
(3 ton) capacity crane. Also available is collection of 
machine tools including a lathe, a Do-All band saw and 
several drill presses and bench grinders. For sheet-metal 
work, a 0.91 a (3 ft) light gage roll, 0.91 a (3 ft) light 
gaqe bending brake, 1.22 m (4 ft) light gage shear, 0.61 a 
(24 in.) throat punch, and a throatless shear are available. 
Various sixe surface plates are available for setup and 
layout work. There are several types of hand trucks and a 
0.61 x 0.91 m (2 x 3 ft) elevating table with a capacity of 
900 kg (2000 lb). 

A tool crib located in the tunnel area has a complete 
line ot hand tools including some hand power tools. Also 
available are acetylene, electric, and heliarc welding 
equipment as well as a small spot welder. 


Electrical Systems 


At either the model stand or the tunnel test section 


types cf 

electrical 

power are 

i ava 

440 

volt. 

60 

cycle. 

3 

phase. 

A . C . 

208 

volt. 

60 

cycle. 

3 

phase. 

A. C. 

120 

volt. 

60 

cycle. 

1 

phase. 

A.C. 

120 

volt. 

400 

cycle. 

1 

phase. 

A. C. 

26 

volt. 

400 

cycle. 

1 

phase. 

A.C. 

28 

volt , 

D.C, 

m 
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figure 5. - 8x6 Foot test section plan view. 


No perforations in blank 
areas because of struc- 
tural members • 



Figure 6. - 8x6 fort test section elevation view. 






Figure 8. - Transonic strut tor sting -mounted models. 
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Figure 10. - Well-mounted mode!. 
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Dimensions in cm (in. I unless otherwise noted. 


figure It. Photographic window assemblies 




Drill and tap 18-32 NC» - 

4 holes eq. spaced * on $ Hll/64 Drill through 





End of sting (at assembly* Dimensions in cm (in. ) unless otherwise noted. 






End of sting (at assembly)^ Dimensions in cm (in . ) unless otherwise noted. 
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